Strange Quark as a Probe for new
physics in the Higgs sector

So far, only Higgs Boson couplings to the 3rd generation demonstrated...
Is Yukawa coupling really universal between families?
Could current flavour anomalies have origin in the Higgs sector?

Snowmass 2021 - EFO1 Meeting - Jan 12th, 2022
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https://indico.fnal.gov/event/51804/

Lol for Snowmass 2021

« Strange Quark as a probe for new physics in the Higgs Sector

« Study Higgs boson couplings to light quarks, in particular to the
strange quark
* Very rare in the SM
« BR(H —s5) =107*
« Powerful channel to investigate the big questions in the previous
page!

« Calls for lepton colliders and dedicated detector technologies and
reconstruction techniques!

e

t Somewhat related to the Instrumentation Frontier Lol on 4D Tracking ?

* Most recent presentations: ILCx 2021, Higgs 2021, SiDOptimizationMeeting
e Studies performed in ILD, but of general applicability
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https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF1_EF2-IF3_IF0_Valentina_Maria_Martina_Cairo-047.pdf
https://www.snowmass21.org/docs/files/summaries/IF/SNOWMASS21-IF3_IF7-131.pdf
https://agenda.linearcollider.org/event/9211/contributions/49490/
https://indico.cern.ch/event/1030068/contributions/4471014/
https://agenda.linearcollider.org/event/9488/

Performance Recap:
Strange Tagger with & without PID

With (truth) PID Without PID

NN output : training vs. testing : class 'ss', kfold 0

5 R NN output : training vs. testing : class 'ss', kfold 0
ILD Prelimin 1 99 train
10° 4 e ary uudd : train 10° 5 1 gg : train
[ ss:train uudd : train
[ cc: train [ ss:train
1071 1 bb : train [ cc: train
® gg:test 10-1 - [ bb: train
- uudd : test ® gg:test
21072 ® ss:test = uudd : test
E ® cc:test < ® ss:test
B @ Dbb:test _‘g : tc); ttestt
k=) : tes
=107 8 1072 e
=
10~
-3 ] - -
1o ILD Preliminary
10—5 .
. . . | =+
0.0 0.2 0.4 0.6 0.8 1.0 0.0 12 0.4 0.6 0.8 1.0

NN output [a.u.] NN output [a.u.]

No discrimination between s and u/d without PID!

PID is a crucial ingredient for discriminating
strange from initiated jets!
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Recap: Analysis Overview and Results

Define
Signal/Bk e
gnal/Bkg Build Signal s-Yukawa
discriminant coupling
e Signal: Z(inv)H(ss)
Most powerful Sum of leading Probe various
« Bke: cut on M. (see and sub- .
g: . s BSM regimes
Z(inv)H(bb,cc,gg) previous talks leading
Z(qq) ZZ(q'qq'q) ’ for more strange-jet
WW ’ ! details) score
\_ J \_ J \_ J
1.0 g
104 4 ILD Preliminary, L =2000 fb~1 = osae. 1| e, —— Expected CLg
VS =250 GeV, P(e wet)=(—80%, + 30%) 1 (H-s$)(Z~ /w) Bl +10 expected CLs
mm 2f Z hadronic 0.8 :Lione:sected CLs
0% M2 < leptonic o 955 6L upper limit: 8.97
e 4f ZZ/WW hadronic : i
mm 4f WW hadronic
S 102 W 4f ZZ hadronic —~ 061
E 107 5 4f single Z semileptonic E
£ [ 4Af ZZ semileptonic d‘"
T m (H- gg)(Z- /) 0.4
2 10! 4 (H - other)(Z - 1)
e (H - cé)(Z - fvv)
N, (5 BEI i) 021 ILD Prelimina
10° (H - uii/dd)(Z - 12/wv)
. | 00 : ; R
0.0 0.2 0.4 0.6 0.8 1.0 POl [x SM K]
Jet 0 + Jet 1 strange score [a.u.]
(a) Z — vv channel (a) Z —r vi channel
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https://indico.cern.ch/event/1086252/

Update: Analysis Overview and Results

0.0

Jan. 12th 2022

0.6 0.8
Jet 0 + Jet 1 strange score [a.u.]

(b) Z — £ channel

1.0

V. M. M. Cairo

* Added leptonic channel to signal: Z(inv)H(ss) + Z(ll)H(ss)
* >=2leptons are required, other analysis cuts adjusted too
* We now have a 2-category analysis with ~“doubled significance!
1.0 g
ILD Preliminary, L =2000 fb~* st | e —— Expected CL;
103 4| V5 =250 GeV, P(e~,e*) =(=80%, + 30%) 1 (H-s$)(Z-12/vv) BN 10 expected ClLg
Bl 2f Z hadronic +20 expected CL¢
mEm 2fZ leptonic 0.8 1 —— =005
e Af ZZ/WW hadronic 95% CLs upper limit: 6.28
102 4 W 4f WW hadronic
.; Bl 4f ZZ hadronic 0.6 1
o 4f single Z semileptonic ';
2 [ 4f ZZ semileptonic .% -._‘
g At % 04 % ILD Preliminary
m (H - cE)(Z - 12/vv) 3
0 . (H- bb)(Z - L/vv)
195 (H - ua/dd)(Z - 12/vv) 0.2 1
1071 - ool "y

2 4 6 8
POI p [X SM ks]

(b) Z — £ channel

10 12 14




Update: Analysis Overview and Results

* Added leptonic channel to signal: Z(inv)H(ss) + Z(ll)H(ss)
* >=2leptons are required, other analysis cuts adjusted too
* We now have a 2-category analysis with ~doubled significance!

1.0 T
~~~~ —— Expected CLg
I +10 expected CLs
+20 expected CLg
0.81 — a=0.05
95% CLs upper limit: 5.95
_ 0.61
S
S,
o
()
0.4 1 . e
ILD Preliminary
0.2 1
0-0 T —ees T s T L5 T
2 4 6 8 10 12 14
POI 11 [X SM Ks]
(c) Combined
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Update: Compact Gasew; RICH with SIPMTs

A

Gas Radiator
15-25cm Mirror 4
Midplane Array
SIPMTs 5

* Reach of PID performance depends on the Cherenkov angle resolution
» Effects of chromaticity, bending of tracks, pixel size, tracking precision, noise, etc.)

J.v.,10/25/2021

C4F10: n-K separation for L=25 cm

# of sigmas = "
920 14
Gg/\/lv . %g - d(Theta) = 3 mrad
® 11 & d(Theta) = 5 mrad
0 is total Cherenkov Eo - d(Theta) = 10 mrad
angle resolution =
+*

0 10 20 30 40 50
Momentum [GeV/c]

We should try to keep the Cherenkov error below the 5 mrad level!
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Publication plans

Measurement prospects for Higgs decays to * Preliminary draft being written
strange quark pairs with the future International (currently ~30 pages)
Large Detector at the International Linear * Analysis documentation
Collider ~complete, detector part to
96 The paper is organized as follows: be added
o7 e Section 2 describes the International Large Detector, a proposed detector
08 at the ILC and the detector used for the contained studies; . . . .
, . , , * Discussion with ILD community
9 e Section 3 describes the Monte Carlo samples included in the study; . .
100 e Section 4 describes the development and validation of a jet flavour tagger n the coming Weeks to agree on
using a neural network; review procedure (the detector
102 e Section 5 describes the application of the jet flavour tagger to a SM h — s3 pa rtis not ILD-re | ated) th en
103 analysis with ILD at the /s = 250 GeV ILC run; . !
104 e Section 6 describes a detector proposal which would maximize particle upload on arxiv
105 identification (PID) at high momenta and thus boost strange tagging per-
106 formance.
107 e Section 7 describes the conclusions and next steps.

e  Wish list:

e H->cs results (work has started, but might not arrive on time)
 The BSM aspects will still be highlighter by saying how much we are reducing the
phase space for new physics leading to enhancements of H->ss rate—>allows for

later interpretations
e Getin touch with theory colleagues to expand the discussion about
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Thanks for your attention!




Performance:
Strange Tagger with & without PID

With (truth) PID Without PID

NN output : training vs. testing : class 'ss', kfold 0

5 R NN output : training vs. testing : class 'ss', kfold 0
ILD Prelimin 1 99: train
10° 4 e ary uudd : train 10° 5 1 gg : train
[ ss:train uudd : train
[ cc: train [ ss:train
1071 1 bb : train [ cc: train
® gg:test 10-1 - [ bb: train
- uudd : test ® gg:test
21072 ® ss:test = uudd : test
E ® cc:test < ® ss:test
3 ® Dbb:test b= & cc:test
2 10-3 2102 ¢ bb:test
=
1074
-3 ] - -
1o ILD Preliminary
10—5 .
. . . | =+
0.0 0.2 0.4 0.6 0.8 1.0 0.0 12 0.4 0.6 0.8 1.0

NN output [a.u.] NN output [a.u.]

No discrimination between s and u/d without PID!

PID is a crucial ingredient for discriminating
strange from initiated jets!
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Jan. 12th 2022

Table 3: Kinematic selections for Z — vv and Z — #¢ channels of the h — s3

Event Selection

analysis. The selections are grouped into categories serving specific purposes.

Category || Selection Z = vv ] Z U
Number of leptons, Nieptons 0 >4

Object counting Number of jets, Njets >2 >2
Leading 2 leptons are SFOS? — True

Leading jet momentum, p;, € [40,110] GeV | € [60,110] GeV

Subleading jet momentum, p;, € [30,80] GeV € [30,75] GeV

Dijet mass, Mj;
Dijet energy, E;;

€ [120, 140] GeV
€ [125,155] GeV

€ [115,145] GeV
€ [130, 160] GeV

Missing mass, Mpyiss € [75,120] GeV -
2f Z rejection Dijet/missing-p# angular separation, AR;; miss® € [3.1,4.0* -
Dijet azimuthal separation, Ag;; > 1.25 > 1.75
Leading lepton momentum, py, - € [40,90] GeV
Subleading lepton momentum, py, - € [20,60] GeV
Dilepton mass, Mp, - | €[70,100] GeV
Dilepton energy, Ey, - | €[85,115] GeV
Leading jet LCFIPlus BTag score, score{;0 ‘ < 0.20 <0.1
T e Subleading jet LCFIPlus BTag score, score;! < 0.20 < 0.1

h — bb t ” S
Jieg wejection Leading jet LCFIPlus CTag score, score’° < 0.35 < 0.3
Subleading jet LCFIPlus CTag score, score’! <0.35 <03
N 2 — 3 jet transition variable, ys3 < 0.010 < 0.050
o WWimejeckion | &y e i andifionevasiable, gei < 0.002 < 0.005
Number of PFOs in event, Ng§5t € [30,60] € (20, 80]
h — gg rejection Number of PFOs in leading jet, Njpo, € [10,40] € [5,50]
Number of PFOs in subleading jet, Nikoq € [9,37] € [5,50]

V. M. M. Cairo
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Cut Flows

Table 4: Cutflow for the Z — v channel selections described in Table 3. Shown are the central values in the yields as well as the

Poisson counting uncertainties on those yields. The signal (background) efficiency is defined as the ratio of the h(— s35)Z(— ££/vp) (all

non-h(— s3)Z(— ¢ /vv)) yields at a given cut value to the yields at “No cut”. The sum-of-weights per process is normalised to the SM
cross-section.

JLD Prebmimary. £ = 200 fb~", 3 = 230 GV, Fle~.e*) = {-MIR. +30R)
AH 4 80 Z - 2/vv)  (H ~ag)(Z - @fow)  (H > ui/&NZ +Ufov) (H -+ D(Z - @fow) (H > WB)(Z > jvy) (H > abe)(Z - 00 2f Z badroaic AS ZZ adeonic AS WW hadrogie  4f ZZ/WW hadrooke 2f Z lepronie  Af ZZ semieptonk  df singhe Z somilepronic Total bikg. Sg. oof  Bag o
No cn 1L LI MHOGAT 2 3508 w300 AR A9 2 1664 1705 2 17622 TSI £ 4452 2SOSIEE £ URT22 BIOLAATE WA HTKDM 2 ITILH NITTIH0AL 2 S014T  42RENSILERTLT  IOGRM £RIT02  BWGITK £ 1016 | HUMTTEST £ EMESA9 | LI0e+00  LOGe+)
No leptoms B0 19606 06 = 27.73 w300 BETSAS 1118 ISIRLLAO 2 LETLS ENKI £ N06 BUNIHLI £ U0 DUDZ02E WEL0S  FOINE.K2 2 TTIAAT  MOTHAZEA S6T000  LEP2ITI0M £ 080 G1R21SS + 50 LOILTS202 2 64145 | THOLEILKEA + B1RS5 AT 220e-01
22 jetx BO20.6 1960606 % 27.73 w1300 GETSAS U118 ISIRLLAO 2 L6TAS U6+ NGE BN 0 + LN0AS  DUDL02+ 05205 DOINE.2 2 TTLAAT  MOTSAZEA 567001 IHIBRS 66T H6152155 + S0 LOILTS009 + 64145 | THOAEST + 51K 2T alke0l
Fa € {0, 110] GeV 4TA1E059 19512.14 2758 w300 BEOLAR 1107 1S)S.65 % L6A35 19641705 ISMEMO2] £ DEIA 2810956 2 0041 JESND00 2 TIHES NOHMIL(G 2 EMKIG  DIHITIEMAL  GIOI £ EMAS ATTTIAN £ AO2 | 2IBLEZ £ 40075 k0L
Py, € (30, 8] GeV/ 4365+ 054 1851651 2 2682 12200 635025 % 1071 12206100 % L6LTR STNA2 £ 1686 WOTHTRILS £ SO0606  LO0G429.55 1 A01AT 018050025 2 351315 SZMEAT.KE 2+ MALTY SRUTOT 9510 GIRRIZKD +450.51 1506035 + T | 1200 1L4KAS + 5322625 23%-01
My, € 120, M0] GeV' 5205 4 038 133142 4 2220 am 00 AITASERD @106 4 1732K UGOS3 LRI SITHKES] & QU729 LEB6S £ TR ZITBGIN 4 691 174091 56 4 4SS0 UBKIAT AT TIS009 4 16T 12X 4 0 | L0046 & 9291 A1
By, € 125, 10] GeV' SLO4 L 03T 1319622 4 2200 am 4 00 W24 K13 G310 4 12237 VBOLRTT  SUSMAT & 900772 STHAT LITT I0I1ST 44506 KL 4 ST ASG21 4 2N 68 AN LS L 1353 159074 T | SEIEAD & S0 AS
120] GeV' 064 036 123198 4 2142 wm s 00 W64 TG GIGTLAT 4 11207 101435 & K31 12605028 £ T BT L ALG AT 4 30 STIS N 4 T8 TH W2 AR OATL L W 1IG6E 4 6705 151180118 & 361264
- €S040 AT L 03 TR0 4 1058 007 4 00 IRSTH TS ST.3% 4 11051 SL91 4 70K ZTOA 4 1464.0 UNZTH LS99 N0 4 716 ZIZU) AN 4 1979 IATRT 4 16371 1ZIAL L TT A LIRS L] SKTIRLIA L 181706
Ay =1l ZA L 031 W25 4 1915 007 4 00 163724 08 ST 4 10721 TIIP L TIK 1AE1A06 & 13803 IO £ K328 JZHIS N 4 0% 2AW.TI 4 186TH TRIHAK A 1513 IME06 & 73T TARIL A 1T IASITLIG & 1436 2K
wonedy,, < 020 2107+031 6152 £ 12 0700 56462 443142 £ 5141 GOLEl 264 12061022 + 113495 155449 + 2431 26MT04 £ TS 2L E 17500 EIAT £ 1N WTGAS £ 60,65 62041 +159 21506664+ 11815
woang,, < 03 nwA0S ROLK 47T 07 4 00 1008 4 546 MTIT 21028 (RN 11110620 & 102002 12998 4 2235 2170 4 23018 1972041 4 16271 TN 4 1060 THTIN A LR ESTEY] 1030.24 100095 | 34%01  S0%e-0
worel,, < 03 2LIE028 NOTTIE 1719 006400 41,96 4 320 G284 736 I EE502 W6 £ 98256 10771 + 2065 1841391 + 1924 1643 M + 14833 TR & B W64 A9 92493 015 150191864 100624 | 331001 418t
warlle, < 05 ;61 027 TTAZ A 16T a4 00 IO A 207 130464 556 LT 4 AIE HTT(Q 4 9033 A 41904 1SZITSL 416513 IR & 13K TS 145121 4 5013 AT 4 AL6L UTTG 4 15 1IN0 WTOT | 320001 Fde01
yi < 0010 13454023 AMTAT £ 1001 00400 15785 4 153 ANz EA00 aTiE08) G274 5638 11361£671 103538 4 % 06 18029 £ 4177 130424771 1307242124 W52 482 IGI07% £ 5604 | 20801 L1001
yu < 00 164022 10806 2 744 0@+ 00 12867 2 139 s3] 231204 2306,7] £ 486,33 LA ETEH 40251 £ 34T @775 22023 12860 £ 472 #0623+ 17,04 =0T DWIVALE A4 | 180001 S 1700
Niyh € 0,60 avi£0le 46046 £ 407 003 00 96572 118 ANAZ222 1234020 1835116 £ 430 39 2038+29] L3+ 7@ 176322037 [ETSEES 2] 619444 15,72 @16+ 67 MO 355 43273 | 150601 5T
Nipen € 10,900 A4+ 019 MHE £ 40 w00 M5S£ 117 2194219 1254029 71409 = 41407 MEKE2H5 253194 2065 295922101 S0.51 2 AL 1.5+ 15.3 005 +53 0S16.10 % 524 | LAGe0] 6305
Nibo © 9,37 a15+019 43149 2 504 00d 00 9255 % 116 19.56 +2.1 1254029 16100.17 £ 4413 M 194233 27 1442118 32428 £ 2084 30998 £ B17 G5EALT 4 14.04 5T+ 453 13147.92 4 40625 | L4201 GObe-05
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Cut Flows

Table 5: Cutflow for the Z — #¢ channel selections described in Table 3. Shown are the central values in the yields as well as the

Poisson counting uncertainties on those yields. The signal (background) efficiency is defined as the ratio of the h(— s3)Z(— £¢/vp) (all

non-h(— s8)Z(— ££/vi)) yields at a given cut value to the yields at “No cut”. The sum-of-weights per process is normalised to the SM
cross-section.

LD Prefiminazy, £ = 2000 §", /5 = 220 GeV, Ple™, e*) = (-80%, +30%)

(H 5 si)Z v Lfov)  (H > gl Z - lw)  (H - ax/dd)(Z > 2fov) (H 4 GNZ U w)  (H > 8)(Z » Ejew) (H -+ xhe)(Z -+ 20 2f Z hadronic Af ZZ halrouke A WW badecaie  df ZZ/WW hadrouis 2 Zlpreor  Af ZZ smikgptoe  4f sage Z seudlepronic Teotal kg | Sig eff.  Big of

No cut LR JOKAT 2 B8 000 WO £ 1a 1TSS 1762 JITTETE 2 4682 288051025 2 S0R27.22 21011987 £ MOLED  20TRENA = TISLAE MUTTI0AL 2 SE01AT  AMIANGOL £ 8STLYS  LETHISAO04 £ KL HWKTASE 101632 | SFOSTITIAT £ A458.49 | LOGe40 1000400

22 keplons 12.56 2036 M T2 1919 00 £00 736,93 + 1098 EILER S LN 2004548 £ 37.27 1971387 + 495,00 008+ 40.1 6569+ 3896 17N £E57R2  AXGEELIBEAIZI9 DML £ 4962 1904265964 2 662332 | 19601 5.30w02

Leaditg 2 hptors see SFOS 12222035 502916 = 1906 00 £00 1Ma56+ 109 33915.11 2 46 1TI26.96 = 3435 11ATO72 4 39516 LU B3 RT] AT 27T ITEDMAL £ 553592 4200315 £ 40045 GTS2I866 = 482 53 I1ETMT66T.52 2 GE8126 | L3%0l 621002
22 jets 12222036 02916 £ 19.06 0000 1TA56+ 109 3391511 £ 4834 16900.00 £ 3425 1187072 + 39,16 AL E314 ATIE2TT  16MITI2A £ ETRM  AZ0IA 13+ 40045 GTIMAEG £ 452 50 1TTH256.61 2542465 | L3%01  4.Me02

Py € 60,110] GeV 1156 2084 457156 £ 1817 00 £00 5964 £ 1055 08350 £ 45.55 G195 22129 GI0E 8 £ 25235 AWM LT 6 A8+ 1956 IH006.12 2 GITM AT TE £ 3706 MEATI6L 2 3% 14 101564589 £ &T712 | LakeOl  2.62003
75 € |30.75) GeV 1152082 AATR06 £ 1T 00£00 153803 £ 103 2669022 £ 3T BlI0.24 £ 18 &8 6118+ 102 W53 145 .99 2947 106029 £ 13581 233165 14 £ 0606 MUNZE22IUT 63058 £ W02 | L7801 14803
M, € 15 185] GeV 9.8 2076 WP & 2 6T LLES 136468 £ 90 IAUT2 2305 I6ET £ 1600 WITI 2T GN3£3I M 5.36 2268 DAL 26T S 1188098 £ 12032 GIPTIT 2 18M 1358051 £ 3140 | L5201 38304
£y € 0130,16)] GeV 8@ 2075 AWMG602 £ 160 0000 115285+ 909 2002591 3716 B £ 156 IR0 £ 6056 LI ES L ) 4@ 2232 194827 £ 5808 WA N2 £ 1103 SMILTE £ W60 LISS0L28 £ 21115 | LaRe0l 330004
Adyy > 1T KXs0r 3132064 050m 00 L 00 1659 4 8 N7 (0 4 3533 THAN L S N2 A62 amezm 254189 TR 4 4322 ITIVRAN L 10408 415532 4 1300 PRSI A SN 1201 268004

e, € [40.90] GeV' K407 WAIAG 4 W 00400 1316 4 857 1796464 4 3501 FORIIT A TS LR R 00200 00400 EARIEEIES] MR 4 90K I3 4 1IKIT TR LR | Lake0l 230004
e, € [20.0)] GeV' KZI4 07 HOTAS 4 148 00400 RLCIR T 1733196 4 3408 ZATAA 4 1L 0.5 4 0.7 0000 00400 IRKL 4 2461 U8 4 9250 AR 4 10K TEKI 415542 | L2ke01 200004
My € [70,100] GeV 712047 ERECESTE 1 00 +00 VIKI+AM 1661567 = 357% b IRVESESL] A% 2219 woz00 LUES 61322268 16915.06 2 5217 ANLASE WL GITERE £ 15306 | 120001 172004
E €85, 115] GeV 2047 TSE R 00+00 WIASE AR 1656 = 3587 RS R A% 2.9 0000 0000 HLTH 2 1670 L0005 = 654K WAL £ T ATOES M £ 11036 | LigeOl  1.8Se0d
6742053 P2 TES S 00 £00 E002 4631 1059 £ TAS 1883222 1142 MW ITAE 00200 0000 1835 +£162 T0E 62 £ 532 1038954 + 650 23W301 £ 8941 | L04eOl 64805

60806 2GETE 128 0000 8225+ 481 7616 238 HI6E+99 .92 1438 ooz00 a0z 00 106642 1353 ORI L) AR 64 £ 5066 188977 £ 8137 | 94%02 5.3e05

5.9 2059 MEEIT 21218 00 £00 1241+ 301 63162 1.9 120079 £ 915 .19 14.3% e a0z 00 10044 2 1519 BAGH K] 2 d6.68 AT £ 6721 ITELIEETTO | 925802 4.T5e0b
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sitivity scan

& —— Upper limit h
S5y —— 1000 x signal yield '| 17500

N --- Background yield

95% CLs upper limit on POl u [x SM K]
Yield [a.u.]

0.0 0.1 0.2 0.3 0.4 0.5
Cut on jet 0 + jet 1 strange score [a.u.]

(a) Z — v channel

T AT = — Upperlimit 4 454
\\ —— 1000 x signal yield
N, === Background yield

— . - 7000
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=
w
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Cut on jet 0 + jet 1 strange score [a.u.]

(b) Z — €€ channel

Figure 13: Scans of the 95% CL, upper limit for the Higgs-strange coupling
strength modifier k4, obtained by varying the choice of the lower thresholds
on the discriminants shown in Figure 12. Also shown are the signal (i.e., h(—
$8)Z(— ££/vv)) and background (i.e., non-h(— s3)Z(— ££/vD)) yields in the
resulting regions.
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Gaseous RICH with SIPMTs = performance

Pion and Kaon rings at SiPMT detector for 04, = 86°

JV., 11/8/2021

B =5 Tesla, Z [cm]

P = 20 GeV/c pions “—— 10 tracks (pi & K rings):
Pt = 19.951 GeV/c : . RS e
Pz = 1.3973 GeV/c " Pions 1 e

Theta = 86° I A ! Yy

Phi = 90° _ S &
R-helix=13.3 meters 12} R

0 (Pions)=0.0532 rad [ e % 3‘4 -

0. (Kaons)= 0.0471 rad 1L Single track (pi & K rings):
Npe (Pions) ~ 16 : . s o
Npe (Kaons) ~ 12-13 10F

C4F10 8as e

Lradiator = 25 €M 80 82 84 86 88

MAAAAAAAAA

X [cm]

* Plot all {xfinal[i] & zfinal[i]} 2D-hits in detector plane, no cuts, no fitting.

12/8/21 J. Va'vra 6
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Gaseous RICH with SiPMTs = performance

Cherenkov angle distributions for 04, = 86°

B=5 Tesla, ; A9c= 6.1 mrad JV., 11/8/2021
P = 20 GeV/c pions 1200 -

Pt =19.951 GeV/c

Pz = 1.3973 GeV/c JRO:

Theta = 86° 00

Phi = 90° [ Kaons Pions

R-helix=13.3 meters 600 -
0. (Pions)=0.0532 rad Kaons i
0. (Kaons)= 0.0471 rad 400 |
Npe (Pions) ~ 16 [
Npe (Kaons) ~ 12-13 < b 0 [deg]
C4F10 gas ol ¢

AAAAAAAAAAAAAAAAAAAAAAAAAAA

Lradiator = 25 €M 0 1 2 3 4 5

st.dev. (pion) = 2.5 mrad

 For each hit detector plane calculate r[i] = Sqrt{(xfinal[i] - x,)?+ (zfinal[i) - z,)?}, then
for each entry calculate 0_[i] = r[i]/25 for Pion and Kaon and plot them; no cuts.

e Calculate mean and standard deviation of each distributions.
 Distributions are not Gaussian. Clearly, one needs to fit circles with weighting.
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Comparison with existing projections

* Discovery measurement seems unlikely — looking at tagger with truth PID
— For 30% signal efficiency, need better background rejection
— Set limits on coupling strength modifier ks at using 2000 fb-1 of
data at Vs = 250 GeV

« Sensitivity is limited but more promising than previous projections derived
from unitarity bounds or exclusive Higgs decays
arXiv:1905.03764v2
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